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TITLE OF THE INVENTION 



OPTICAL DISC DRIVE AND METHOD OF CONSE CUTD7ELY 
RECORDING DATA ONTO RECORDABLE OPTICAL DISC IN OPTICAL 
DISC DRIVE 



FIELD OF THE INVENTION 

[0001] The present invention is related to an optical disc drive which 
carries out recording and reproducing data onto and from an optical disc onto 
which data can be recorded such as a CD-R, a CD-RW or the like, and to a 
method of consecutively recording data onto a recordable optical disc in an 
optical disc drive. 

DESCRIPTION OF THE PRIOR ART 

[0002] In the case where data is recorded by an optical disc drive which 
carries out recording and reproducing data onto and from an optical disc onto 
which data can be recorded (recordable optical disc) such as a CD-R, a CD-RW 
or the like (hereafter, such optical disc will be referred to simply as "optical 
disc"), the data transferred in from a host computer (hereafter, referred to 
simply as "host") is temporarily stored in a buffer memory (a buffer RAM) of 
the optical disc drive, and then such stored data is sequentially read out and 
recorded (written) onto the optical disc. In this case, there is no problem, as 
long as the data transfer from the host can catch up writing process. However, 
for example, when another application software is started (launched) during 
the data transfer from the host, the data transfer performance of the host is 
lowered, and then recording is interrupted by the insufficient storage of data in 
the buffer memory, whereby a writing error is formed. The writing error 
caused in this way is generally called a buffer under-run error. 
[0003] This kind of buffer under-run error occurs in the case where the 
data transfer performance (especially, the performance and the like of the 
CPU) of the host is inferior to the data writing performance, the case where the 
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recording speed (disc recording speed) of the optical disc drive is fast, and the 
case where the data transfer rate between the optical disc drive and the host is 
slow (for example, optical disc drive using a USB connection). 
[0004] For this reason, in order to avoid interruption of recording 
operation (recording (operation) interruption) due to this kind of buffer under- 
run error, many of the recent optical disc drives capable of recording data onto 
an optical disc such as a CD-R, a CD-RW or the like are provided with a buffer 
under-run error avoidance function. In the buffer under-run error avoidance 
function, the amount of data stored in the buffer memory is monitored, and in 
the case where such the amount of data is below a predetermined amount, the 
writing process of data is temporarily interrupted (suspended), and after the 
data transferred to the buffer memory from the host reaches a certain storage 
level, the end of the recorded data is detected, and then the consecutively 
recording process of unrecorded data (remaining data) is continued again from 
such end. Thus, it is possible to write (record) data onto the optical disc while 
maintaining the continuity of the data. In particular, since the recording 
(writing) speed in optical disc drives has recently reached the high speed of 
32x speed, there are many cases where the data transfer from the host cannot 
keep up with the recording speed. Therefore, in these cases such buffer under- 
run error avoidance function is very important. Examples of method for 
avoiding buffer under-run errors are disclosed in Laid-Open Japanese Patent 
Publication No. HEI 10-49990 and Laid-Open Japanese Patent Publication No. 
2000-40302. 

[0005] In the case where data is consecutively recorded by the optical disc 
drive with a buffer under-run error avoidance function described above, the end 
of the recorded data is detected by a seek operation or the like of the optical 
pick-up, and then the remaining unrecorded data is consecutively recorded 
from the position of such end. In this case, a specific amount of time (for 
example, substantially 1 or 2 seconds) is required for this series of operations. 
For this reason, if the time required for this buffer under-run error avoidance 
operation is made longer than the time required for storing the data 
transferred from the host in the buffer memory, a time required until memory 
space can be created in the buffer memory after recording process is actually 
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started again, i.e., a time (a) for waiting for the data transfer of the host is 
required. In the state where many recording interruptions for buffer under- 
run error avoidance regularly occur due to the performance and the like of the 
host, since the time (a) increases cumulatively as the number of recording 
interruptions, there is the problem that the recording time becomes long. 
Namely, the relationship between the recording time and the number of 
recording interruptions that occur for buffer under-run error avoidance is given 
below. 

(recording time) = (total data transfer time) + (a) x (number of recording 
interruptions) 

[0006] In this regard, even if an optical disc drive has a fast recording 
(writing) speed, in the case that there are a large number of recording 
interruptions that occur for buffer under-run error avoidance, the resulting 
total recording time will become very long. 

[0007] Further, the recording interruptions for buffer under-run error 
avoidance described above can be largely divided into the two classifications of 
regular interruptions and sudden (irregular) interruptions. Regular 
interruptions mainly result from the performance and the like of the host, and 
occur at substantially regular intervals during the writing operation because 
the data transfer from the host to the optical disc drive cannot keep up with the 
writing operation. On the other hand, sudden interruptions occur suddenly in 
the case where another application software is started at the host, for example, 
or the like. These kinds of sudden interruptions occur while the data transfer ' 
between the host and the optical disc drive is keeping up with the recording 
operation, and are therefore caused by other factors. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the present invention to solve the problems 
resulting from the buffer under-run error avoidance described above, and 
provide an optical disc drive which makes it possible to shorten the total 
recording time when many recording interruptions for buffer under-run error 
avoidance occur during the recording operation. 
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[0009] In order to achieve the object, in one aspect of the present 
invention, an optical disc drive of the present invention is directed to an optical 
disc drive capable of recording data received from a host onto a recordable 
optical disc at a recording speed of any one of multiple recording speed levels. 
The optical disc drive comprising: 

storage means for temporarily storing the data received from the host; 

consecutively recording means which temporarily interrupts recording of 
the data onto the optical disc in the case where the data transfer from the host 
cannot keep up with the recording process and the data stored in the storage 
means falls below a predetermined amount, and then consecutively records the 
remaining data from the end of the recorded data in a substantially successive 
manner when the storage means is filled with data transferred from the host; 

counting means for counting the number of recording interruptions 
performed by the consecutively recording means; and 

recording-speed adjustment means for adjusting the recording speed for 
the optical disc in the case where the count number by the counting means is 
greater than a predetermined value. 

[0010] In this invention, the optical disc drive may be adapted to be able to 
switch the recording speed of the optical disc at any one of multiple speed 
levels, and it is preferred that the recording-speed adjustment means switches 
the recording speed one level lower than the present recording speed in the 
case where the count number by the counting means is greater than the 
predetermined value. 

[0011] In this case, it is preferred that the predetermined value is 
established so that, by comparing the time Tl, which is believed to be required 
in the case where all of the data would be recorded onto the optical disc with 
recording interruptions at the present recording speed of the optical disc at 
which the recording interruptions occur, with the time T2, which is believed to 
be required in the case where recording would be carried out at the recording 
speed one level lower than the present recording speed, the time T2 is shorter 
than the time Tl. 

[0012] Alternatively, the counting means may count the number of 
recording interruptions in a predetermined time, and it is preferred that the 
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recording-speed adjustment means switches the recording speed one level 
lower than the present recording speed in the case where the count number by 
the counting means is greater than the predetermined value. 
[0013] In this invention, it is preferred that the optical disc drive further 
comprises judgment means forjudging whether the recording interruption is 
due to a regular cause or a sudden cause, and wherein the counting means 
counts the number of recording interruptions due to the regular cause. 
[0014] In this case, it is preferred that the judgment means judges 
whether the recording interruption is due to the regular cause or the sudden 
cause based on the number of blocks that have been recorded until the 
recording interruption occurs. 

[0015] Further, it is preferred that the judgment means judges the 
recording interruptions that have occurred at every substantially constant 
number of blocks as the recording interruptions due to the regular cause, and 
the recording interruptions other than the above as the recording interruptions 
due to the sudden cause. 

[0016] Alternatively, it is preferred that the recording-speed adjustment 
means switches the recording speed two or more levels lower than the present 
recording speed in the case where the recording interruptions due to the 
regular cause occur with increasing frequency. 

[0017] Further, in this invention, it is preferred that the regular cause is 
mainly caused by the performance of the host, and the sudden cause includes a 
cause in which the recording interruption would occur when other application 
software is started in the host during data transfer by the host. 
[0018] In another aspect of the present invention, the present invention is 
directed to a method of consecutively recording data onto a recordable optical 
disc in an optical disc drive, the optical disc drive being able to record the data 
received from a host onto the recordable optical disc at a recording speed of any 
one of multiple recording speed levels. The method comprises the steps of: 

temporarily storing the data received from the host; 

temporarily interrupting recording of the data onto the optical disc in 
the case where the data transfer from the host cannot keep up with the 
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recording process and the data stored in a buffer memory falls below a 

predetermined amount; 

consecutively recording the remaining data from the end of the recorded 

data in a substantially successive manner when the buffer memory is filled 

with data transferred from the host; 

counting the number of recording interruptions; and 

adjusting the recording speed for the optical disc in the case where the 

count number in the counting step is greater than a predetermined value. 

[0019] In this invention, it is preferred that in the counting step the 

number of recording interruptions is counted in a predetermined time, and that 

in the adjusting step the recording speed is switched one level lower than the 

present recording speed in the case where the count number is greater than the 

predetermined value. 

[0020] Further, it is preferred that in the adjusting step the recording 
speed is switched one level lower than the present recording speed in the case 
where the count number by the counting means is greater than the 
predetermined value. 

[0021] In this invention, it is preferred that the method further comprises 
the step o£ 

judging whether the recording interruption is due to a regular cause or a 
sudden cause wherein in the counting step the number of recording 
interruptions due to the regular cause is counted. 

[0022] In this case, it is preferred that in the adjusting step the recording 
speed is switched two or more levels lower than the present recording speed in 
the case where the recording interruptions due to the regular cause occurs with 
increasing frequency. 

[0023] The above described and other objects, structures and advantages of 
the present invention will be apparent when the following description of the 
preferred embodiment will proceed with reference to the appended drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0024] Fig. 1 is a block diagram illustrating the circuit structure of the 
main portion of an optical disc drive according to the present invention. 
[0025] Fig. 2 is a flowchart illustrating the process in the first embodiment 
of the present invention. 

[0026] Fig. 3 is an explanatory diagram for explaining the deference 
between regular interruptions and sudden interruptions in the recording 
interruptions for buffer under-run error avoidance. 
[0027] Fig. 4 is a flowchart illustrating the process in the second 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0028] The preferred embodiments of the present invention will now be 
described with reference to the appended drawings. 

[0029] First, a description will be given for the overall structure of an 
optical disc drive 1 to which the present invention is applied. Fig. 1 is a block 
diagram illustrating the circuit structure of the main portion of an optical disc 
drive 1 according to one embodiment of the present invention. Now, it should 
be noted that this embodiment (disclosure) is to be considered as an 
exemplification, and therefore this structure should not be intended to limit the 
present invention to the specific embodiments illustrated. 
[0030] In Fig. 1, the optical disc drive 1 of the present invention is a disc 
drive which records and/or reproduces information (data) onto and/or from an 
optical disc 2, which is a CD-R, a CD-RW or the like. Further, even though it is 
not shown in the drawings, the optical disc drive 1 of the present invention is 
operated by an AC or DC power source supplied from the outside. 
[0031] The optical disc drive 1 is equipped with a turntable (not shown in 
the drawings) on which the optical disc 2 is loaded, and a spindle motor 11 that 
rotates the turntable (i.e., the optical disc 2) at a predetermined constant linear 
velocity. Further, the optical disc drive 1 is also equipped with a disc tray (not 
shown in the drawings) on which an optical disc such as a CD-R, a CD-RW or 
the like is placed. The disc tray is moved (displaced) between a position for 
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loading or ejecting the optical disc and a position for recording or reproducing 
information onto or from the optical disc. 

[0032] Further, the optical disc drive 1 includes: an optical pick-up (optical 
head) 3 which is capable of moving in a radial direction of the optical disc 2 
(i.e., a radial direction of the turntable) to reproduce or record data from or 
onto the loaded optical disc 2; an optical pick-up base moving mechanism (not 
shown in the drawings) equipped with a sled motor 7 which moves an optical 
pick-up base of the optical pick-up 3 in the radial direction of the optical disc 2; 
an RF amplifier 40 which amplifies RF signals obtained by the optical pick-up 
3 and then digitizes such RF signals to outputs digital data; a servo processor 
51 which controls the driving (operation) of each drive portion of the spindle 
motor 11 and the like of the optical disc drive 1 based on the RF signals; a 
signal processing section 30 which demodulates (decodes) EFM signals, 
subcode data (digital data) and the like from the RF signals inputted from the 
RF amplifier 40; a memory 31 which temporarily stores the EMF signals and 
the like demodulated by the signal processing section 30; a flash ROM 32 for 
storing optimized firmware and the like for the optical disc drive l; an encoder 
33; a buffer memory (RAM) 35; a laser control section 37; control means (CPU) 
9; an interface 10 which outputs the EFM signals and the like that were 
demodulated in the signal processing section 30 and temporarily stored in the 
memory 31 to a host (host computer); an actuator driver 21 for driving 
actuators of the optical pick-up 3; a sled driver 22 for driving the sled motor 7; 
and a spindle driver 23 for driving the spindle motor 11. 

[0033] As shown in Fig. 1, the interface 10 is also connected to the encoder 
33 that modulates input data (writing data) inputted from the host via the 
interface 10 into recording data that is recorded on the optical disc 2. Further, 
the encoder 33 is connected to the buffer memory (RAM) 35 for writing data 
which stores the input data modulated by the encoder 33. The EFM data 
(writing data) outputted from the encoder 33 is inputted into the optical pick- 
up 3 via the laser control section 37. Based on the EFM data, the laser control 
section 37 controls (drives) a laser diode (not shown in the drawings) of the 
optical pick-up 3 so that data is recorded on the optical disc 2. 
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[0034] To give a more detailed description of the main structure of the 
optical disc drive 1, the control means 9 is generally constituted from a 
microcomputer (CPU). The control means controls the overall of the elements 
of the optical disc drive 1, including the optical pick-up 3 (actuator, laser diode, 
and the like), the sled motor 7, the spindle motor 11, the RF amplifier 40, the 
signal processing section 30, the encoder 33, the buffer memory 35, the laser 
control section 37, the servo processor 51, the interface 10, the memory 31, the 
flash ROM 32 and the like. In this regard, the main functions of consecutively 
recording means, counting means and recording speed adjustment means in 
the present invention are mainly carried out via the control means 9. 
[0035] Further, in addition to the digitized signals described above, the RF 
amplifier 40 generates tracking error signals and focus error signals from the 
RF signals, and supplies these signals to the servo processor 51. 
[0036] Based on the tracking error signals and focus error signals supplied 
from the RF amplifier 40, the servo processor 51 controls the driving of the 
actuator and/or the sled motor 7 via the actuator driver 21 and/or the sled 
driver 22 to properly move the optical pick-up 3 in the radial direction and/or 
the optical axis direction of the optical disc 2. Namely, a tracking servo and a 
focus servo are engaged (operated). 

[0037] Further, the servo processor 51 controls the driving of the spindle 
motor 11 via the spindle driver 23 to rotate the optical disc 2 at a 
predetermined rotation speed. Here, in the optical disc drive 1, it is possible to 
properly establish the recording speed (disc rotation speed) at any one of 
multiple speed levels. 

[0038] The buffer memory 35 is used for temporarily storing the data 
transferred from the host to be recorded onto the optical disc 2. Namely, the 
buffer memory 35 forms storage means for temporarily storing data transferred 
from the host in the present invention. The buffer memory 35 is constituted 
from a RAM having a predetermined capacity (for example, 2Mb (Mega bit)). 
This storage amount is constantly monitored via the control means 9, namely 
the control means 9 carries out checking whether or not the remaining amount 
of data in the buffer memory 35 falls below a predetermined amount. This 
predetermined amount is established at a data storage amount estimated for 
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the occurrence of a buffer under-run error when writing process is continued 
after the data storage amount of the buffer memory 35 falls below such 
amount. When the data storage amount of the buffer memory 35 falls below 
the predetermined amount, the data recording operation (writing operation) is 
interrupted (suspended). 

[0039] In response to instructions from the control means 9, the interface 
10. transmits the signals and the like of the data supplied from the memory 31 
to the host, and receives commands executed by the optical disc drive 1, the 
data to be recorded on the optical disc 2 described above and the like from the 
host. The interface 10 uses an existing interface standard such as ATAPI, 
SCSI, USB or the like. 

[0040] The flash ROM 32 is a kind of EEPROM (Electrically Erasable and 
Programmable Read Only Memory) for storing firmware and the like, and 
generally firmware and the like for carrying out basic control of the optical disc 
drive 1 are pre-stored in the flash ROM 32. 

[0041] In addition to the structure described above, the optical disc drive 1 
includes the consecutively recording means of the present invention, namely, a 
consecutively recording means (i.e., a buffer under-run error avoidance 
function) which temporarily interrupts recording of the data onto the optical 
disc 2 in the case where the supply of data (the data transfer) from the host 
cannot keep up with the recording process and the data stored in the buffer 
memory 35 falls below a predetermined amount, and consecutively records the 
remaining data from the end of the recorded data in a substantially successive 
manner when the buffer memory 35 is filled with data,. This consecutively 
recording means operates mainly via the laser control section 37 and the servo 
processor 51 (actuator driver 21) by control from the control means 9. 
[0042] Further, the counting means of the present invention which counts 
the number of recording interruptions is realized through counting operation in 
the control means 9, and operates incrementally in the case where recording 
process is interrupted when the amount of data temporarily stored in the 
buffer memory 35 falls below the predetermined amount. 
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[0043] The recording speed adjustment means of the present invention is 
realized by setting the recording speed at a predetermined recording speed via 
the spindle driver 23 by means of the control means 9. 
[0044] Further, the control means 9 also functions as judgment means 
which judges whether a recording interruption is due to a regular cause or a 
sudden (irregular) cause via the counting means (counter) described above. 
[0045] In the optical disc drive 1 having the structure described above, the 
buffer under-run error avoidance process is carried out as follows. Namely, the 
data transferred from the host is temporarily stored in the buffer memory 35 
via the interface 10. The data storage amount of the buffer memory 35 is 
constantly monitored via the control means 9, and when such data amount falls 
below a predetermined amount (i.e., a data storage amount estimated for the 
occurrence of a buffer under-run error when writing process is continued after 
the data storage amount of the buffer memory 35 falls below such amount), the 
recording operation (data writing operation) is interrupted (suspended), and 
the system waits for the data transferred from the host to be stored in the 
buffer memory 35. When a certain amount of data is stored in the buffer 
memory 35, the end of the recorded data is detected, and then the remaining 
unrecorded data is consecutively recorded from such end, whereby it becomes 
possible to record data having continuity. This consecutive recording of data is 
carried out by detecting the end of the recorded data, and then consecutively 
recording the remaining unrecorded data while maintaining continuity of the 
end of the recorded data within the allowed standard and while synchronizing 
with synchronization signals obtained from the recorded data. 
[0046] This consecutive recording of data can be achieved by various 
methods, and it is possible to use the methods disclosed in the prior-art 
documents described above, for example. 

[0047] Fig. 2 is a flowchart illustrating the process in the first embodiment 
of the present invention. The program related to this flowchart is started at 
the same time as the beginning of the writing operation of the optical disc drive 
1. When this program is started, first, the control means 9 monitors the 
remaining data amount (storage amount) of the buffer memory 35 (Step S101), 
and constantly checks whether or not the remaining data amount of the buffer 
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memory 35 has fallen below the predetermined amount. As described above, 
this predetermined amount is established at a data storage amount estimated 
for the occurrence of a buffer under-run error when writing (recording) 
operation is continued after the data storage amount of the buffer memory 35 
falls below such amount. 

[0048] When the data storage amount of the buffer memory 35 falls below 
the predetermined amount, the program proceeds to Step S102, and the data 
recording operation is interrupted (suspended). Then, at Step S103, the 
number of times such recording operation has been interrupted, i.e., the 
number of recording interruptions is counted and added up. As described 
above, this counting operation is carried out by the control means 9. In the 
next step, i.e., at Step S104, the buffering of data transferred from the host is 
carried out in the buffer memory 35, namely, data is transferred from the host 
and stored in the buffer memory 35. 

[0049] Next, at Step S105, it is judged whether or not the number of times 
the recording operation has been interrupted (the number of recording 
interruptions) is greater than a predetermined value. This predetermined 
value is established so that, by comparing the time Tl, which is believed to be 
required in the case where all of the data would be recorded onto the optical 
disc with recording interruptions at the recording speed of the optical disc at 
which recording interruptions occur, with the time T2, which is believed to be 
required in the case where recording would be carried out at the recording 
speed one level lower than the present recording speed, the time T2 is shorter 
than the time Tl. 

[0050] In the case where it is judged that the number of recording 
interruptions is below the predetermined value (i.e., in the case where a No 
judgment is made at Step S105), the program proceeds to Step S106, and 
recording operation is restarted while maintaining the current recording speed 
to the optical disc. Namely, the remaining data is consecutively recorded from 
the end of the recorded data onto the optical disc at the current recording 
speed. Then, the program returns to Step S101, and once again the data 
storage amount of the buffer memory 35 is monitored. 
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[0051] On the other hand, at Step S105, in the case where it is judged that 
the number of recording interruptions is greater than the predetermined value, 
the program proceeds to Step S107, and the recording speed (rotation speed of 
the optical disc) is dropped one level to a lower recording speed and recording 
operation is restarted. Namely, the remaining data is consecutively recorded 
from the end of the recorded data on the optical disc at such the lower 
recording speed. Then, the program returns to Step S101, and once again the 
data storage amount of the buffer memory 35 is monitored at such the lower 
recording speed. 

[0052] In accordance with the embodiment of the present invention 
described above, in the case where the number of recording interruptions that 
occur in order to avoid buffer under-run errors during the data recording 
operation at a recording speed of 32x speed, for example, is greater than the 
predetermined number, recording operation is continued after switching the 
recording speed one level lower to 16x speed. Namely, the remaining data is 
consecutively recorded from the end of the recorded data at the recording speed 
of 16x speed. In the case where such recording interruptions are caused by the 
performance of the host, even though the data transfer cannot keep up with 
recording operation at the recording speed of 32x speed, the data transfer can 
be sufficiently carried out at the recording speed of 16x speed. In such case, 
since the recording interruptions caused by the performance of the host are 
eliminated, it is possible to shorten the recording time compared with the case 
where all of the data would be recorded onto the optical disc with recording 
interruptions (and consecutive recording) at the recording speed of 32x speed. 
[0053] Further, in the embodiment described above, it has been described 
that the recording speed was switched one level to a lower speed. However, 
needless to say, in the case where lowering the recording speed by one level is 
insufficient, it is possible to lower the recording speed one more level, i.e., two 
levels (for example, to 8x speed). Furthermore, in the case where there is a 
limit to the data transfer speed such as in USB connection type optical disc 
drives, the recording speed can be switched to a corresponding proper recording 
speed (for example, 4x speed). 
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[0054] Next, a second embodiment of the present invention will be 
described with reference to Fig. 3 and Fig. 4. 

[0055] Fig. 3 is an explanatory drawing for describing regular 
interruptions and sudden interruptions in the recording interruptions for 
buffer under-run error avoidance during the data recording onto an optical 
disc. As shown in Fig. 3A, the recording interruptions due to the regular cause 
are mainly due to the performance of the host, and for this reason, such 
interruptions tend to occur (cyclically) at regular intervals. On the other hand, 
as shown in Fig. 3B, recording interruptions due to the sudden cause occur in 
the case where, for example, another application software is started in the host 
during data transfer by the host, and for this reason, sudden interruptions tend 
to occur irregularly and its occurrence interval tends to be long. 
[0056] In the second embodiment of the present invention, the optical disc 
drive according to the first embodiment is further provided with judgment 
means which judges whether a recording interruption is due to a regular cause 
or a sudden cause. In this case, the counting means counts the number of 
recording interruptions due to the regular cause. In this regard, if the number 
of all the recording interruptions for buffer under-run error avoidance are 
counted as in the first embodiment described above, such counting operation 
includes recording interruptions due to the sudden cause. Therefore, in the 
case where the recording speed is switched needlessly to a lower speed, as a 
result, there is the possibility that the recording time will be increased. 
[0057] Accordingly, in the second embodiment, the judgment of whether a 
recording interruption is due to a regular cause or a sudden cause is carried out 
based on the block number that has been recorded onto the optical disc until 
the occurrence of such interruption. Namely, recording interruptions occurring 
at substantially each constant block number (i.e., occurring substantially 
cyclically) are assumed (judged by the control means 9) to be recording 
interruptions due to the regular cause, and recording interruptions other than 
the above are assumed (judged by the control means 9) to be recording 
interruptions due to the sudden cause. As a result, as shown in Fig. 3C, since 
some recording interruptions are seen as recording interruptions due to the 
sudden cause, such interruptions are not counted. 
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[0058] Fig. 4 shows a flowchart for realizing the second embodiment of the 
present invention. In the same way as in the first embodiment, the program 
related to this flowchart is started at the same time as the beginning of the 
writing operation of the optical disc drive 1. When this program is started, 
first, the control means 9 monitors the remaining data amount (storage 
amount) of the buffer memory 35 (Step S201), and constantly checks whether 
or not the remaining data amount of the buffer memory 35 has fallen below the 
predetermined amount. As described above, this predetermined amount is 
established at a data storage amount estimated for the occurrence of a buffer 
under-run error when writing (recording) operation is continued after the data 
storage amount of the buffer memory 35 falls below such amount. 
[0059] When the data storage amount of the buffer memory 35 falls below 
the predetermined amount, the program proceeds to Step S202, and the data 
recording operation (writing operation) is interrupted (suspended). When a 
recording interruption occurs at Step S202, then Step S203, the buffering of 
data transferred from the host is carried out in the buffer memory 35, namely, 
data is transferred from the host and stored in the buffer memory 35. 
[0060] Next, at Step S204, the block number for which data has been 
recorded from the occurrence of the previous recording interruption (in the case 
of the first recording interruption, from the start of data writing (data 
recording)) to the occurrence of the current recording interruption is counted. 
[0061] Then, at Step S205, it is judged whether or not such block number 
is greater than a predetermined value. In the case where it is judged that such 
block number is greater than the predetermined value, the recording 
interruption is judged to be a recording interruption due to a sudden cause, 
then the program proceeds to Step S206, and recording operation is restarted 
while maintaining the current recording speed. Namely, the remaining data is 
consecutively recorded from the end of the recorded data onto the optical disc 
at the current recording speed. As described above, the judgment involving 
this predetermined value is carried out based on the block number that has 
been recorded onto the optical disc until the occurrence of the current 
interruption. Namely, as described above, recording interruptions occurring at 
substantially each constant block number are assumed to be recording 
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interruptions due to the regular cause, and recording interruptions other than 
the above are assumed to be recording interruptions due to the sudden cause. 
Then, the program returns to Step S201, and once again the data storage 
amount of the buffer memory 35 is monitored. 

[0062] On the other hand, at Step S205, in the case where it is judged that 
the block number is below the predetermined value, the recording interruption 
is assumed to be a recording interruption due to a regular cause, which is 
caused by the performance of the host, and the program proceeds to Step S207. 
Then, at Step S207, the number of times the recording interruption has 
occurred is counted and added up. 

[0063] Next, at Step S208, it is judged whether or not the number of times 
the recording interruption has occurred (the number of recording interruptions) 
is greater than a predetermined value. In the same way as in the first 
embodiment, this predetermined value is established so that, by comparing the 
time Tl, which is believed to be required in the case where all of the data 
would be recorded onto the optical disc with recording interruptions at the 
recording speed of the optical disc at which recording interruptions occur, with 
the time T2, which is believed to be required in the case where recording would 
be carried out at the recording speed one level lower than the present recording 
speed, the time T2 is shorter than the time Tl. 

[0064] In the case where it is judged that the number of recording 
interruptions is below the predetermined value (i.e., in the case where a No 
judgment is made at Step S208), the program proceeds to Step S206, and 
recording operation is restarted while maintaining the current recording speed 
to the optical disc. Then, the program returns to Step S201, and once again the 
data storage amount of the buffer memory 35 is monitored. 
[0065] On the other hand, at Step S208, in the case where it is judged that 
the number of recording interruptions is greater than the predetermined value, 
the program proceeds to Step S209, and the recording speed (rotation speed) of 
the disc is dropped one level to a lower recording speed and recording operation 
is restarted. Then, the program returns to Step S201, and once again the data 
storage amount of the buffer memory 35 is monitored at such the lower 
recording speed. 
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[0066] In the same way as in the first embodiment described above, in 
accordance with the second embodiment of the present invention described 
above, in the case where the number of recording interruptions that occur in 
order to avoid buffer under-run errors during the data recording operation at a 
recording speed of 32x speed, for example, is greater than the predetermined 
number, recording operation is continued after switching the recording speed 
one level lower to 16x speed. Namely, the remaining data is consecutively 
recorded from the end of the recorded data at the recording speed of 16x speed. 
In the case where such recording interruptions are caused by the performance 
of the host, even though the data transfer cannot keep up with recording 
operation at the recording speed of 32x speed, the data transfer can be 
sufficiently carried out at the recording speed of 16x speed. In such case, since 
the recording interruptions caused by the performance of the host are 
eliminated, it is possible to shorten the recording time compared with the case 
where all of the data would be recorded onto the optical disc with recording 
interruptions (and consecutive recording) at the recording speed of 32x speed. 
[0067] Further, as described above, in the second embodiment, since only 
the recording interruptions due to the regular cause, which are mainly caused 
by the performance of the host, are selected to carry out counting, recording 
interruptions due to the sudden cause are excluded, and it becomes possible to 
switch to a proper recording speed in view of the performance of the host, 
whereby it becomes possible for the shortening of the recording time to be 
carried out at a higher accuracy. 

[0068] Furthermore, the functions described above can be achieved by 
installing new programs in writable (recordable) optical disc drives. Thus, 
since there is no need to install additional components in the drive or change 
the design of the drive, such functions can be achieved easily without 
increasing the cost. 

[0069] In the same way as in the first embodiment, in the second 
embodiment described above, it has been described that the recording speed 
was switched one level to a lower speed. However, needless to say, in the case 
where lowering the recording speed by one level is insufficient, it is possible to 
lower the recording speed one more level, i.e., two levels (for example, to 
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8x speed). Furthermore, in the case where there is a limit to the data transfer 
speed such as in USB connection type optical disc drives, the recording speed 
can be switched to a corresponding proper recording speed (for example, 
4x speed). 

[0070] As described above, it should be noted that even though the optical 
disc drive of the present invention has been described with reference to the 
preferred embodiments shown in the drawings, the present invention is not 
limited to these embodiments, it is of course possible to make various 
modifications or deformations, and various elements described above can be 
replaced with any other element capable of performing the same or a similar 
function. 

[0071] For example, a temporal element may be added in the counting of 
the number of recording interruptions that occur to avoid buffer under-run 
errors in the first and second embodiments described above, and the recording 
speed may be switched to a lower recording speed in the case where the 
number of recording interruptions that occur within a predetermined time is 
greater than the predetermined number. Further, in the embodiments 
described above, descriptions were given for an optical disc drive capable of 
recording and reproducing an optical disc such as a CD-R, a CD-RW or the like, 
but the present invention is not limited to this, and can of course be applied to 
optical disc drives capable of recording and reproducing other kinds of 
recordable optical discs such as a DVD-R, a DVD-RW, a DVD+R, a DVD+RW, a 
DVD-RAM or the like. 

[0072] As described above, the present invention makes it possible to 
shorten the recording time when many recording interruptions for buffer 
under-run error avoidance occur in an optical disc drive provided with a buffer 
under-run error avoidance function. 
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